Background {#Sec1}
==========

Expedited Partner Therapy (EPT) provides an opportunity for the targeted delivery of sexually transmitted infection (STI) control interventions to high-risk sexual partnerships and networks. By providing antibiotic therapy to the recent partners of STI-positive index patients, either through patient delivery or alternate methods of expedited access without a prescription, EPT removes key institutional and interpersonal barriers to treatment \[[@CR1]--[@CR3]\]. By providing direct access to antibiotics for an index patient's recent sexual partners, EPT alleviates structural barriers like limited access to clinical services \[[@CR4], [@CR5]\]. At the same time, by redirecting the public act of formally seeking STI care into a private interaction between sexual partners, EPT also circumvents social barriers to partner testing and treatment like stigma and shame \[[@CR6]--[@CR8]\]. Previous clinical trials of EPT for partner management of urethral gonorrhea (GC), chlamydia (CT), and other bacterial STIs found that individuals randomized to receive EPT had significant reductions in the frequency of repeat or recurrent infection on subsequent re-testing \[[@CR9]--[@CR14]\]. By providing a tool to support partner notification following an STI diagnosis, EPT has also been shown to promote notification of recent sexual partners \[[@CR15]--[@CR18]\]. As a result, the US Centers for Disease Control (CDC) currently recommends routine use of EPT for heterosexual men and women diagnosed with GC and/or CT infection \[[@CR19], [@CR20]\]. However, lingering questions concerning the use of EPT with sexual partners of men who have sex with men (MSM) have discouraged regular use of EPT in this population.

Most concerns surrounding the provision of EPT for sexual partners of MSM are based on the high prevalence of undiagnosed HIV, syphilis, and drug-resistant gonorrhea infections within their sexual networks \[[@CR21], [@CR22]\]. Public health concerns that providing direct, partner-delivered access to oral antibiotic therapy for STI-exposed individuals may result in ineffective treatment and discourage them from seeking further testing and treatment services have impeded the introduction of EPT as a strategy for partner management of MSM with GC/CT infection \[[@CR23]\]. The potential for the increased development of population-level antibiotic resistance further complicates empiric antibiotic use for exposed partners \[[@CR24], [@CR25]\]. Clinical evidence on the use of EPT with MSM is limited; the only previous randomized controlled trial (RCT) of EPT with partners of MSM was discontinued prior to completion due to a low rate of subject enrollment \[[@CR26], [@CR27]\]. Accordingly, while EPT is recommended for use with MSM by the California Department of Public Health, national guidelines are inconsistent, and the CDC currently recommends caution in the use of EPT for partners of MSM, citing the need for additional clinical trial research prior to widespread use in this population \[[@CR19], [@CR28]\].

Another key issue affecting EPT with MSM are the variations in male same-sex partnership interactions between different social and cultural contexts. The majority of research on EPT has been conducted with heterosexual partnerships in the USA and Western Europe, with little attention paid to how the delivery of patient-delivered partner therapy might differ within the interpersonal dynamics of male and/or transgender female sexual partnerships in developing country settings \[[@CR29]--[@CR32]\]. Social, cultural, and structural differences in how same-sex sexual partnerships are defined, how norms of gender and sexuality influence power dynamics and communication patterns within these partnerships, and how access to healthcare services affects HIV/STI testing and treatment outcomes are all critical issues to address prior to the large-scale introduction and global dissemination of EPT and other partner-based HIV and STI prevention interventions \[[@CR33]--[@CR38]\].

As a result, it is critical to understand how EPT impacts HIV and STI transmission within male same-sex sexual partnerships, not only in terms of individual-level outcomes like persistence or recurrence of bacterial infections, but also in terms of partner- and network-level outcomes like frequency of partner notification, testing, and treatment for HIV and other STIs among both directly and indirectly linked members of at-risk networks. Previous systematic reviews and meta-analyses have suggested that EPT (as well as other practical tools to support partner notification efforts) increases the likelihood of notification, thereby also increasing the probability that sexual partners will be encouraged to seek formal HIV/STI counseling and testing \[[@CR3], [@CR4], [@CR39], [@CR40]\]. However, none of these outcomes has been fully evaluated in RCTs of MSM sexual partnerships or in developing country settings.

Lima, Peru provides a valuable scientific environment in which to explore questions of STI control and transmission within sexual networks of MSM. The HIV epidemic in Peru is concentrated among MSM and transgender women (TW), with relatively few cases of HIV ascribed to heterosexual contact or injection drug use \[[@CR41], [@CR42]\]. At the same time, new HIV diagnoses are frequently accompanied by STI co-infection, suggesting that behavioral and/or biological factors support HIV/STI co-transmission in this population \[[@CR43], [@CR44]\]. Finally, social constructions of sexual identity influence interpersonal dynamics, sexual practices, and risks for HIV and STI transmission within MSM partnerships and networks \[[@CR45]\]. In order to assess the effect of partner-delivered antibiotic therapy on partner notification outcomes among MSM in Lima, Peru, we conducted a pilot RCT of EPT among MSM diagnosed with rectal, pharyngeal, or urethral GC and/or CT infection.

Methods {#Sec2}
=======

Between October 2012 and July 2014, we conducted an RCT to assess the effect of Expedited Partner Therapy (EPT) on self-reported partner notification outcomes among MSM in Lima, Peru diagnosed with symptomatic urethritis and/or proctitis or asymptomatic gonococcal and/or chlamydial infection at any anatomic site (oral, rectal, or pharyngeal).

Screening procedures {#Sec3}
--------------------

Potential participants were recruited for STI screening from community and clinic sites by staff recruiters of Asociacion Civil Impacta Salud y Educacion, a non-profit HIV and STI research center in Lima, Peru. Men and transgender women (TW) who reported anal intercourse with at least one male or transgender female partner in the previous 6 months were eligible for the screening protocol. Participants in the screening study completed a computer-assisted self-administered (CASI) survey that addressed demographic characteristics, history of HIV and STIs, use of alcohol and drugs attitudes, sexual network characteristics, and attitudes, beliefs, and community norms surrounding partner notification for HIV and STIs. The survey also asked for detailed characteristics of participants' three most recent sexual partners, including each partner's gender and sexual identity, partner-specific sexual practices, and the likelihood of notifying each partner following an STI diagnosis. In order to assist with future recall of partner data, participants were asked to identify each of these partners with a Nickname or Other Identifying Characteristic (e.g., "the guy in the blue shirt from *La Cueva*").

Screening study participants underwent a physical examination to identify signs of symptomatic urethritis or proctitis (urethral or rectal discharge and/or inflammation) as well as primary or secondary syphilis infection (ulcerative lesions on oral, anal, or genital mucosa or macular rash characteristic of secondary syphilis). Following clinical evaluation, rectal and pharyngeal swabs as well as urine samples were collected to test for urethral, rectal, and pharyngeal gonorrhea and/or chlamydia infection by nucleic acid testing (Aptima Combo 2 Transcription-Mediated Amplification \[TMA\], Hologic, Marlborough, MA, USA). Blood was collected to test for syphilis infection by rapid plasma reagin (RPR) assay (RPRnosticon, Biomérieux, Marcy l'Etoile, France) with microhemagglutination assay for *Treponema pallidum* (MHA-TP) confirmation (MHA-TP, Organon Teknika, Durham, NC, USA) and serial dilution of RPR titers for positive results. All participants were offered free HIV testing, though it was not required as a condition of enrollment. All TMA samples were tested at the US Naval Medical Research Unit-6 Bacteriology Laboratory in Callao, Peru, and HIV and syphilis testing were conducted at the Impacta laboratory. Results of all assays were provided within 2 weeks.

All participants with symptomatic urethritis, proctitis, or laboratory-diagnosed GC infection were treated with single doses of ceftriaxone (250 mg delivered intramuscularly \[IM\]) and azithromycin (1 g by mouth \[PO\]), while participants with only asymptomatic CT infection were treated with azithromycin (1 g PO). Participants with syphilis infection were treated according to the stage of infection, as determined by the study physician according to their history of syphilis infection, prior RPR titer(s), and antibiotic treatment history. Participants with newly diagnosed HIV infection were referred to local HIV treatment centers designated by the Peruvian Ministry of Health.

Randomization and enrollment {#Sec4}
----------------------------

MSM and TW who reported anal intercourse with at least one male or TW partner in the previous 6 months and who were diagnosed with symptomatic urethritis and/or proctitis, or with asymptomatic urethral, rectal, and/or pharyngeal GC/CT infection were invited to enroll in the EPT trial. Participants with symptomatic infection were enrolled at their initial screening visit, while participants with laboratory-diagnosed infection were enrolled after receiving results of their nucleic acid testing and appropriate antibiotic therapy at the 2-week follow-up screening visit. Participants diagnosed by laboratory assay with both asymptomatic syphilis and GC/CT infection were assigned on an alternating (one-to-one) basis to either the EPT study or to a parallel trial assessing new technologies for partner notification for MSM with syphilis infection. Due to similarities in assessments and outcomes, no co-enrollment between the two trials was permitted. All participants provided signed informed consent to participate in a study on "If and how men with an STI inform their recent sexual partners of their diagnosis." After providing signed consent, participants were allocated to either intervention or control arms using a previously designed 200-unit randomization scheme generated by the site [www.random.org](http://www.random.org/). Allocation assignments were concealed in sealed, opaque, sequentially numbered envelopes that were opened in numerical order by the study counselor at the point of randomization. No deviation from the allocation order or wasting of randomization envelopes was reported.

Intervention and control procedures {#Sec5}
-----------------------------------

Each randomization envelope contained an assignment to either the intervention or the control arm and a standardized script, to be read by the counselor verbatim. The counseling script advised the participant of the importance of notifying their recent partner of their STI diagnosis and informed them of the availability of free testing and treatment resources at the study site, as well as other area health centers. The counseling script also reminded participants that their safety was a primary concern, and that they should not attempt to notify any partners who they feared might respond with abuse or violence. Participants randomized to the intervention arm were then referred to the on-site pharmacy where they were provided with up to five partner treatment packets, depending on the number of recent partners reported. Each packet included single-dose tablets of cefixime (400 mg) and azithromycin (1 g), printed information about symptoms and sequelae of GC/CT infection, the locations and operating hours of local sites offering free or low-cost HIV/STI testing and treatment services, and a warning against taking the medication in case of a pre-existing allergy to cephalosporins or macrolides. Each packet also included a bold-print message advising recipients that they were being provided with the medication because their recent sexual partner had been diagnosed with GC/CT infection and that they were at high risk for HIV and other STIs. The message advised the recipient to seek professional testing for these infections and *only* to use the medication included if they were unwilling or unable to seek testing and treatment from a local healthcare facility.

Follow-up procedures {#Sec6}
--------------------

Participants in the intervention and control arms were asked to return to the clinic in 14--21 days for a follow-up evaluation. At the follow-up visit, participants underwent a physical examination to assess for signs of symptomatic infection and repeat GC/CT testing from all three anatomic sites (pharyngeal swab, rectal swab, and first-catch urine). Participants completed a follow-up CASI survey to assess how many of their recent partners (from the 30-day period preceding their diagnosis) had been notified, as well as whether each of their three most recent partners had been notified and received treatment. Participants were reminded of the total number of prior sexual partners they had reported at the baseline visit and to quantify how many of these partners had been notified. To assist with recall of recent partner data, participants were reminded of the Nickname or Other Identifying Characteristic they had assigned each of their three most recent partners, as well as the partner's gender and sexual identity. Survey questions used a 4-point Likert scale to assess whether each partner had been notified, whether the participant provided them with antibiotic treatment (for participants in the intervention arm only), whether the partner had taken any antibiotic treatment (for all participants), whether the partner had sought HIV/STI testing, and the participant's level of certainty regarding each outcome.

Sample size and power calculations {#Sec7}
----------------------------------

Sample size calculations were based on partner notification outcomes from previous observational studies of Peruvian men and women diagnosed with HIV or STI \[[@CR33], [@CR46]\]. Assuming a baseline frequency of 56% for notification of any partner, a sample of 170 subjects was projected to have 80% power to detect a 20% increase in notification of any recent partner.

Statistical analysis {#Sec8}
--------------------

Descriptive characteristics by study arm were calculated with medians and interquartile ranges (IQR) for continuous variables and proportions for categorical variables. The primary outcome was self-reported notification of any recent sexual partner after 14 days of follow-up. The proportion of participants reporting notification of any partner versus notification of no partners in the entire study sample and the proportion among those reporting at least one partner were calculated by study arm, and a logistic regression model was used to calculate odds ratios (ORs). Secondary outcomes included the proportion of all recent partners notified and participant and partner characteristics associated with partner testing and treatment. We calculated the percentage of all partners, male stable partners, and male casual partners who were notified by dividing the total number of partners reported for each category by the total number of partners notified for each category. We used a Wilcoxon rank-sum test to compare the percentage of partners notified by study arm. Finally, we used a logistic generalized estimating equation model to assess notification and treatment outcomes by study arm for the last three partners for each participant, including: (1) if the partner was notified; (2) if the participant knows the partner received the message; (3) if the partner was observed taking antibiotics; (4) if the partner was tested for HIV and/or STIs; and (5) if the partner received any medical treatment (regardless of the source of treatment). No interim analyses were conducted. All analyses were conducted in Stata 14.1 (StataCorp, College Station, TX, USA).

Human subjects protections {#Sec9}
--------------------------

All study procedures were reviewed and approved by the UCLA Office for Human Research Participant Protection (IRB 11-003095), the *Asociacion Civil Impacta Comite de Bioetica* (Certificate 0053-2012-CE), and the US Naval Medical Research Unit-6 (Protocol HRPP NAMRU6.2012.0033), and registered with the Peruvian *Instituto Nacional de Salud* prior to the initiation of any activities. All participants underwent separate informed consent procedures for the screening and RCT protocols and provided written informed consent for each protocol. The clinical trial was registered with [www.ClinicalTrials.gov](http://www.clinicaltrials.gov/) (Protocol Number NCT01720654).

Results {#Sec10}
=======

We screened a total of 898 individuals, of whom 276 met criteria for enrollment (Fig. [1](#Fig1){ref-type="fig"}). Symptomatic urethritis and/or proctitis was noted in 44 participants, and asymptomatic, laboratory-diagnosed infection was present in 232 (13 participants diagnosed with symptomatic urethritis/proctitis subsequently tested negative for GC/CT infection by TMA). Of the 276 eligible individuals, 55 were enrolled in a parallel trial of partner notification for syphilis infection, and 48 did not return for their test results. We enrolled 173 subjects into the intervention (*n* = 89) and control (*n* = 84) arms between October 2012 and June 2014.Fig. 1Screening, enrollment, and follow-up Consolidated Standards of Reporting Trials (CONSORT) flowchart; Lima, Peru 2012--2014

Baseline characteristics of participants in the intervention and control arms are presented in Table [1](#Tab1){ref-type="table"}. In the control arm, 72/84 subjects (85.7%; 95% confidence interval \[95% CI\]: 76.6--91.6%) returned for the 14-day follow-up visit, compared with 83/89 subjects (93.2%; 95% CI: 86.0--96.8%) in the EPT arm. In both groups, the median age was 26, with most participants having completed some college or technical school. The majority in both arms identified as gay or homosexual, with a median of three male sexual partners reported during the previous 30-day period. In both arms, the most common anatomic site of infection was rectal (53.6% \[95% CI: 43.0--63.8%\] in the control arm; 46.1% \[95% CI: 36.1--56.4%\] in the intervention arm), though a higher prevalence of urethral infection was observed in the intervention (29.2%; 95% CI: 20.8--39.4%) than the control (14.3%; 95% CI: 8.4--23.3%) group. There was no significant difference in the frequency of symptomatic infection between the control (23.8%; 95% CI: 16.0--33.9%) and the intervention (27.0%; 95% CI: 18.8--37.0%) arms (Table [2](#Tab2){ref-type="table"}).Table 1Baseline characteristics by randomization arm; Lima, Peru, 2012--2014Randomization armControl\
(*n* = 84)Expedited Partner Therapy (EPT)\
(*n* = 89)Age (median, IQR)26 (22--31)26 (23--32)Education Primary1 (1.1%)2 (2.2%) Incomplete secondary11 (13.1%)6 (6.7%) Complete secondary17 (20.2%)23 (25.8%) University or vocational training55 (65.5%)58 (62.9%)Sexual identity Heterosexual3 (3.6%)6 (6.7%) Bisexual22 (26.2%)23 (25.8%) Homosexual/gay57 (67.8%)51 (58.4%) Trans0 (0%)1 (1.1%) Other2 (2.4%)3 (3.4%) I don't know0 (0%)4 (4.5%)Sexual role  *Activo* (insertive)17 (20.2%)22 (24.7%)  *Pasivo* (receptive)24 (28.6%)25 (28.1%)  *Moderno* (versatile)40 (47.6%)37 (41.6%) Other3 (3.6%)3 (3.4%)I don't know0 (0%)2 (2.2%)Number of sexual partners, 30 days (median, IQR)3 (3--4)3 (3--5) Number of male partners3 (3--4)3 (2--5) Number of female partners0 (0--0)0 (0--0)Symptomatic infection20 (23.8%)24 (27.0%)Returned for follow-up evaluation72 (85.7%)83 (93.2%) Table 2Prevalence and anatomic site of gonorrhea (GC) and chlamydia (CT) infections at baseline and follow-up visitsAnatomic site of infectionControl armEPT armBaseline\
(*N* = 84)^a^Follow-up\
(*N* = 72)Baseline\
(*N* = 89)Follow-up\
(*N* = 83)Any site/any pathogen*n* = 79^b^\
94.0%\
(86.8--97.4%)*n* = 2^c^\
2.8%\
(0.8--9.6%)*n* = 81\
91.0%\
(83.2--95.4%)*n* = 2\
2.4%\
(0.7--8.4%)Urethral CT*n* = 4\
5.1%\
(2.0--12.3%)*n* = 10\
11.2%\
(6.2--19.5%)Urethral GC*n* = 6\
7.1%\
(3.3--14.7%)*n* = 11\
12.4%\
(7.0--20.8%)Urethral CT and GC*n* = 2\
2.4%\
(0.6--8.3%)*n* = 5\
6.2%\
(2.7--13.6%)Rectal CT*n* = 24\
28.6%\
(20.0--39.0%)*n* = 2\
2.8%\
(0.8--9.6%)*n* = 32\
36.0%\
(26.8--46.3%)*n* = 1\
1.2%\
(0.2--6.5%)Rectal GC*n* = 12\
14.3%\
(8.4--23.3%)*n* = 4\
4.5%\
(1.8--11.0%)Rectal CT and GC*n* = 9\
10.7%\
(5.7--19.1%)*n* = 5\
6.2%\
(2.7--13.6%)Pharyngeal CT*n* = 8\
9.5%\
(4.9--17.7%)*n* = 1\
7.9%\
(3.9--15.4%)Pharyngeal GC*n* = 15\
17.9%\
(11.1--27.4%)*n* = 21\
25.9%\
(17.6--36.4%)*n* = 1\
1.2%\
(0.2--6.5%)Pharyngeal CT and GC*n* = 1\
1.2%\
(0.2--7.4%)*n* = 1\
1.2%\
(0.2--6.7%)^a^Subtotals do not add to 100% as individual participants may have had multiple pathogens and/or anatomic sites of infection^b^Five subjects enrolled in the control arm and eight participants in the EPT arm diagnosed with symptomatic disease subsequently tested negative for GC/CT infection by TMA^c^Only cases of infection with the same organism in the same anatomic site at follow-up reported

Among all participants completing follow-up, 111/155 (71.6%) notified at least one partner, with a median of 1 partner notified per participant (IQR: 0--2). The proportion of participants who reported notifying any of their recent sexual partners at the 14-day follow-up was 83.1% (95% CI: 73.6--90.1%) in the EPT arm and 58.3% (46.8--69.2%) in the control arm (OR = 3.52, 95% CI: 1.68--7.39) (Table [3](#Tab3){ref-type="table"}).Table 3Partner notification outcomes among MSM with gonorrhea and/or chlamydia infectionExpedited Partner Therapy (EPT) (*n* = 83)Standard partner notification counseling (*n* = 72)Odds ratio (95% CI)Proportion of participants who notified any recent partners83.1%\
(69/83)58.3%\
(42/72)3.52\
(1.68, 7.39)Proportion of participants who notified any recent partners (only participants reporting ≥1 recent partner)85.2%\
(69/81)61.8%\
(42/68)3.56\
(1.62, 7.80)

When subjects who reported no sexual partners during the previous 30 days were excluded from the analysis, the proportion of participants who had notified any recent partner increased to 85.2% (75.8--91.3%) and 61.8% (50.0--72.4%) in the intervention and control groups, respectively (OR = 3.56, 95% CI: 1.62--7.80). The proportion of all recent partners who had been notified was also higher among participants assigned to receive EPT (53.5%; 95% CI: 45.0--62.0%) than among participants who received only standard counseling (36.4%; 95% CI: 27.0--45.9%; *p* = 0.004). No episodes of abuse, violence, or other adverse reactions to notification were reported.

Notification outcomes varied according to partnership status and partner gender (Fig. [2](#Fig2){ref-type="fig"}). While no difference was observed in notification outcomes for female partners, participants who received EPT reported notifying a significantly larger proportion of their male partners (53.5% \[95% CI: 45.0--62.0%\] versus 34.7% \[95% CI: 27.0--47.4%\]; *p* = 0.002). As in other studies with similar populations, stable partners were more likely to be notified than casual partners, though EPT was associated with a significantly higher likelihood of notification for both stable and casual partners. In the intervention group, 80.9% (95% CI: 61.9--98.1%) of stable male partners had been notified, compared with 51.6% (95% CI: 31.4--71.8%) in the control group (*p* = 0.04). Similarly, while 54.8% (95% CI: 32.4--77.1%) of casual partners were notified by participants randomized to receive EPT, only 33.3% (95% CI: 10.5--56.2%) of casual partners were notified by participants who received standard notification counseling (*p* = 0.049).Fig. 2Proportion of all recent partners notified among MSM diagnosed with GC/CT infection; Lima, Peru 2012--2014

Analysis of data from the three most recent sexual contacts demonstrates a similar superiority of EPT over standard partner notification (PN) counseling in terms of partner notification, testing, and treatment outcomes (Fig. [3](#Fig3){ref-type="fig"}). Participants in the EPT arm were significantly more likely to report notifying at least one of these partners (OR = 2.10; 95% CI: 1.27--3.47), to be certain that the notification message was received by (or delivered directly to) the partner (OR = 2.07; 95% CI: 1.26--3.39), and to know that the partner received some form of medical treatment (either participant-delivered or from a healthcare provider) (OR = 2.81; 95% CI: 1.46--5.41). Participants in the EPT arm also more frequently reported that their partners had been tested for HIV and/or STIs, though this difference was not statistically significant (OR = 1.51; 95% CI: 0.83--2.75). Despite the improvements in the likelihood of partner notification and treatment, we note that even in the EPT arm, the frequency of recent partner testing (27.6%) and treatment (32.6%) remained disappointingly low, and the percentage of partners observed taking partner-delivered antibiotic therapy relatively small (21.6%).Fig. 3Prevention cascade outcomes of partners of MSM diagnosed with GC/CT infection; Lima, Peru 2012--2014

Biological outcomes were similar between randomization arms with 5/83 (6.0%; 95% CI: 2.6--13.3%) participants in the EPT arm and 4/72 (5.6%; 95% CI: 2.2--13.4%) in the control arm diagnosed with persistent or recurrent GC/CT infection at the 14- to 21-day follow-up evaluation (*p* = 0.6). Of note, only two participants in each arm were diagnosed with the same bacterial organism in the same anatomic location. Molecular genotyping, to assess for reinfection with the same bacterial strain, and antimicrobial resistance testing were not performed.

Discussion {#Sec11}
==========

In our RCT of Peruvian MSM diagnosed with gonorrhea and/or chlamydia infection, EPT was associated with a significantly higher likelihood of self-reported partner notification and treatment. Men newly diagnosed with GC/CT infection who were provided with partner antibiotic treatment and information packets were more likely to report notifying at least one of their recent male or TW partners, and to notify a larger proportion of their recent sexual partners, than subjects who received only partner notification counseling. Subjects randomized to receive EPT were also more likely to report that they knew their recent partners had received the notification message, and that their partners had been tested and treated for HIV/STIs. Though there was no significant difference in the prevalence of recurrent or persistent GC/CT infection between the intervention and control groups at the 3-week follow-up, these findings provide support for and direction to efforts to use EPT as a strategy for STI control within the sexual networks of MSM in developing country settings.

The frequency of self-reported partner notification observed in our study should be understood within the context of previously reported data on partner notification in Lima, Peru. In a prior observational study of notification outcomes among high-risk men and women in Peru, the frequency of self-reported notification at 1-year follow-up was 65% for main partners and 10% for casual partners \[[@CR33]\]. In a subsequent study of anticipated notification among Peruvian MSM/TW newly diagnosed with HIV and/or STI, subjects reported an intention to notify 52.5% of all recent partners, though actual notification outcomes were not measured \[[@CR46]\]. In contrast, our analysis was limited to MSM diagnosed with GC/CT infection and found an overall notification frequency of 34.7% for male and TW partners in the control arm (51.6% for main partners and 33.3% for casual partners). In this context, provision of EPT increased the frequency of self-reported notification to 53.5% overall (80.0% of main partners and 54.8% of casual partners). In addition, the fraction of participants who reported notifying any of their recent partners increased from 61.8% in the control group to 85.2% in the intervention arm. This consistency in the observed effect of EPT on different notification metrics (whether analyzed according to the number of subjects who notified at least one partner, the fraction of recent partners notified, or the likelihood of notification for different partnership types) suggests that the impact of EPT extends across a wide range of participant characteristics and partnership contexts.

Examining partner-specific outcomes for participants' three most recent sexual contacts allows for analysis of our findings within a cascade of care framework \[[@CR47], [@CR48]\]. The HIV cascade of care describes a continuum of testing and treatment outcomes from the initial diagnosis of infection, to linkage and retention in care, through initiation and maintenance of antiretroviral therapy, and ultimately long-term virologic suppression. The cascade of care concept has also been applied to management of HIV pre-exposure prophylaxis, syphilis treatment, and EPT \[[@CR2], [@CR49]--[@CR51]\]. In the EPT cascade, an initial diagnosis of GC/CT infection is followed by provision of EPT, acceptance of partner therapy by the index patient, delivery of treatment to the partner, and finally partner treatment. Applying the EPT cascade to our study, participants provided with partner treatment packets were more likely to notify one or more of their recent partners of their diagnosis, to express confidence that these partners had actually received their notification message, to state that these partners had received some form of medical treatment (partner-delivered or otherwise), and to report that these partners had been tested for HIV and STIs. But the proportion of recent partners who were observed taking partner-delivered antibiotic therapy was relatively low, and there was no observed association of EPT with recurrent or persistent biological infection. These clinical outcomes are likely to have been influenced by the verbal and written instructions included with partner treatment packets that advised against taking the antibiotic treatment provided unless there were no other testing and treatment options available and by the low overall prevalence of recurrent or persistent infection observed and the associated limitations in statistical power to detect significant differences. However, if one strictly evaluates the impact on STI control by the biological endpoint of index patient reinfection, then the effect of EPT in this population of at-risk MSM was negligible.

Our findings suggest that use of EPT in MSM sexual networks may require a reconceptualization of the cascade of care framework, from an emphasis on individual-level partner treatment for prevention of recurrent infection to a focus on network-level issues of partner notification, treatment, and testing to effect community-scale reductions in HIV and STI incidence. In the heterosexual patient populations enrolled in previous EPT trials, cases of persistent or recurrent GC/CT infection typically occurred among subjects whose sexual networks were relatively small and whose main risk for re-exposure derived from their primary sexual partner(s) \[[@CR9]--[@CR12]\]. In these studies, most participants reported only 1--1.5 sexual partners within the prior 60-day period, the majority of whom were "main" or "steady" partners \[[@CR52], [@CR53]\]. In this partnership context, where STI transmission and re-transmission typically occur through a closed-loop, dyadic partnership system, EPT significantly increases the likelihood of STI cure and bacterial eradication within the partnership.

In contrast, participants in our sample reported a median of 3 different sexual partners during the previous 30-day period and maintained a diverse range of stable, casual, and anonymous partnership types with varying patterns of recurrent sexual contact. As a result of the large number of diverse sexual partnerships and open network patterns reported by men in our study, STI-diagnosed MSM are likely to continue interacting with a large network of continuously shifting sexual contacts in which the model of partner-delivered therapy to limit index patient reinfection is unlikely to be effective. Instead of focusing efforts on the short-term endpoint of bacterial STI cure, future research could address the potential impact of improved partner notification interventions on indirect outcomes like HIV and STI testing, treatment, and linkage to prevention mechanisms with directly and indirectly connected members of MSM sexual networks \[[@CR54]\]. By addressing the intermediate steps within the EPT cascade, our findings highlight the potential benefits of EPT for MSM sexual networks and suggest future strategies to use partner management strategies to affect community-scale patterns of both HIV and STI transmission.

There are several limitations to consider when interpreting our findings. The fact that our findings are based on participant self-report of notification, without independent confirmation by sexual partners, raises the possibility that observed improvements in notification frequency may have been due to social desirability bias in reporting outcomes. However, it is likely that this bias would have affected both arms of the study, resulting in a type II error in favor of the null hypothesis. Measures taken to minimize the risk of bias in reported outcomes included enrollment scripts that informed potential participants only that they were invited to a study of "If and how men with an STI inform their recent sexual partners of their diagnosis" and the use of standardized counseling scripts for both study arms. At the same time, the low frequency of persistent or recurrent GC/CT infection precluded the use of biological measures to determine the effect of EPT on partner notification and treatment outcomes. In addition, our 14- to 21-day follow-up period may have been insufficient to accurately diagnose persistent or recurrent GC/CT infection using highly sensitive nucleic acid testing.

Future research with larger sample sizes should incorporate biological outcomes, possibly including molecular epidemiologic analyses to map transmission networks and monitoring of antimicrobial sensitivity to identify the possibility of undertreatment of resistant organisms. In analyzing outcomes, we analyzed participant data on a per protocol instead of an intention-to-treat (ITT) basis. However, given the higher frequency of loss to follow-up in the control arm, ITT analysis of our data would have resulted in an even greater estimate of the effectiveness of the intervention. Our trial was originally designed as a pilot study, and the relatively small sample was not planned to have sufficient power to detect differences in notification practices aside from the primary self-report outcome. Secondary assessments of participant- and partner-level factors modifying the effect of EPT, including the type of STI diagnosed, presence or absence of symptoms, HIV co-infection, and the gender and sexual identities maintained by participants and their partners, are important but beyond the scope of the data presented. Finally, as only one TW was enrolled in the study, we are not to reach any conclusions regarding this population at the current time. Despite these limitations, our findings suggest that EPT could play an important role in improving HIV and STI prevention outcomes within MSM sexual networks and that future research is needed to apply these preliminary findings to larger samples of both MSM and TW.

Conclusions {#Sec12}
===========

In our trial of EPT for Peruvian MSM newly diagnosed with GC/CT infection, patient-delivered partner therapy was associated with an increase in self-reported partner notification and in HIV/STI prevention outcomes across all partnership types. Additional research is needed to evaluate the effectiveness of EPT in promoting partner notification and testing behavior among MSM and to address important questions regarding how to apply these findings to public health systems for HIV prevention and STI control. Instead of focusing on outcomes of recurrent or persistent bacterial infection within discrete dyadic partnerships, these findings suggest that EPT may best be used with sexual partners of MSM as a strategy to access and introduce new prevention strategies into previously hidden high-risk sexual networks. By reconceptualizing the cascade of care framework to focus on community-level testing and treatment outcomes, our data provides a framework for understanding how EPT can be used as a key component of integrated HIV/STI control strategies within MSM sexual networks.
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